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Static and dynamic properties of patterned magnetic permalloy films are investigated.  In square lattices of
circular shaped permalloy dots an anisotropic coupling mechanism has been found, which is identified as
being due to intrinsically unsaturated parts of the dots caused by spatial variations of demagnetizing field.
In arrays of magnetic wires a quantization of the surface spin wave mode in several dispersion ess modes is
observed and quantitatively described.  For large wavevectors the frequency separation between the modes
becomes smaller and the frequencies converge to the dispersion of the dipole-exchang surface mode of a
continuous film.
Progress made during the last decade in handling and the
analysis of matter leads to the elaboration of well-controlled
artificial magnetic structures from micron to nanometer
size. These structures, which usually present arrays of sepa-
rated magnetic items, are attracting increasing interest due
to their potential applications in magnetic storage devices
and sensors.1),2),3),4),5)  Fundamental studies of both static
and dynamic properties of a single item as well as coupling
phenomena between the items in arrays should determine
the limits of their possible application.  A precise control of
magnetic anisotropies induced by patterning processes as
well as of the coupling between the items is required.  The
frequencies and the mode profiles of spin waves propagating
in the items are of particular importance for the optimiza-
tion of the remagnetization process of the items in, e.g.,
sensor and memory applications.
In this paper we report on the investigation of the static
and dynamic properties of regular arrays of magnetic dots
and wires by Brillouin light scatering (BLS), Kerr magne-
tometry and magnetic force microscopy (MFM).  Whereas
Kerr magnetometry and magnetic force microscopy were
used to determine the static magnetic properties of the dots
and wires, the spin wave properties were obtained from BLS
spectra.  On the basis of this comprehensive study we can
claim that we have found an anisotropic in-plane coupling
mechanism between magnetic dots arranged in a square
lattice, which is correlated to intrinsic inhomogeneities of
the dot magnetizations.  We also observed a quantiz tion
effect of spin waves in magnetic wires, which is caused by
the finite width of the wires.  The evolution of the Damon-
Eshbach (DE) surface spin wave mode of a continuous film
from the discrete eigenmode spectrum of the wires with
increasing wavevector, i.e. with diminishing influence of
the finite size effect, is demonstrated and quantitatively
described by a model based on quantized modes.
The samples under investigation were regular square lat-
tice  of circular shaped dots or periodic arrays of wires,
ma e of permalloy (Ni80Fe20).  As the first step of the sample
preparation, 200, 500, and 1000 Å  thick permaloy films
were deposited in UHV onto SiO2/Si(111) 10´10 mm
2 sub-
strates by means of e-beam evaporation.  As a reference non-
patterned films where studied first.  The result is, that the in-
plane anisotropy of the non-patterned film is neg igble.  As
the next step the samples were patterned by synchrotron
radiation based X-ray lithography performed at the L2M
synchrotron station at the super ACO storage at LURE,
Orsay, using ion beam etching to transfer the patterns into
th  permalloy films.  The details of the patterning procedure
are published elsewhere.6)  Eight different samples com-
pri ing circular dots arranged in a 1x1 mm2 square lattice
with a diameter/periodicity of 1/1.1, 1/2, 2/2.2 and 2/4 mm,
respectively, patterned into 500 and 1000 Å thick films, as
w ll as two samples with periodic arrays of wires with a wire
width w = 1.8 µm and wire separations of 0.7 and 2.2 µm
patt rned into a 200 Å  thick film were prepared.  The length
of the wires was 500 µm.  The patterned area for each of the
two wire samples was 500´500µm2.  Depth profile meas-
urements show that the etching process cuts 250 Å deep into
the substrate between the items, which guarantees, that even
for the smallest distances neighboring items were not
touching.
The magnetization reversal behavior of the structures has
been investigated using Kerr magnetometry.  Remagne-
tization loops have been measured as a function of the angle
FH of the in-plane applied field with respect to the in-plane
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[01]-direction.  The domain structure of the dots was stud-
ied by magnetic force microscopy (MFM).  MFM images
have been recorded at an applied field of up to 2 kOe using
a vertically magnetized Co-coated Si-cantilever.  The spatial
resolution was better than 100 nm.
The spin wave properties were investigated by using a
computer controlled tandem Fabry-Perot interferometer as
described elsewhere.7)  Laser light of a single-moded Ar+
laser operating at a wavelength of lLaser= 514.5 nm with a
power of up to 50mW was focused onto the samples, and
the frequency spectrum of the backscattered light was an-
lyzed.  For the investigation of the anisotropic properties of
the dot samples the applied magnetic field can be rotated in
the plane of the films.  On the contrary, the BLS experi-
ments on wires were performed with a fixed orientation of
the applied field along the wire axes.  The in-plane
wavevector of the spin waves tested in the experiment was
always oriented perpendicular to the applied field.  Its value
is determined by the scattering geometry and can be varied
by changing the angle of light incidence, q, measured
against the surface normal, since q|| = (4p/lLaser) ·sin q.  If
necessary, the collection angle of the scattered light was
chosen small enough to ensure a reasonable resolution in
q|| of ±0.8×104 cm-1.  At small angles of light incidence the
directly reflected beam and diffraction reflexes entering the
collection lens were blocked by small blinds inserted into
the collection aperture.
Figure 1 shows magnetization curves of the wire and dot
samples measured for different orientati ns of the applied
field. The two-fold symmetry of the curves reflects the shape
anisotropy of the wires and is due to demagnetizing effects.
The corresponding saturation fields are in a good agreement
with the calculation of the demagnetization factors of the
wires, based on the known formulas.8)  As it is also seen, the
dot curves, corresponding to large interdot distances (1/2 mm
lattice) are similar for both field directions, which also
agrees with the demagnetizing field calculation of a single
dot.  In fact, the in-plane demagnetizin  tensor of a circular
dot is a scalar. On the other hand, a fourfold in-plane anisot-
ropy in the loop shapes is found for the lattices with the
smallest dot separation of  0.1 mm ( /1.1 mm lattice).
Actually, the loop shape of the 1/1.1 mm lattice along the
[10]-direction is very similar to the loop shapes of the 1/2
mm lattices for all field directions.  In contrary, the loop
shap  of the 1/1.1 mm lattice with H along the [11]-direction
is rather complex.  Similar loop shapes have been obtained
by Smyth et al.,1 but the magnetization reversal process is
not yet understood.  Since these loop shapes exhibit a higher
zero-field susceptibility, they indicate that the [11]-direction
of the lattice is the easy axis.  The magnetization curves of
the dot lattices demonstrate the fact that in the 1/1.1 mm
lattice the coupling between dots becomes imp rtant.
A direct proof of such a coupling is yielded by magnetic
force microscopy.  MFM-images of the 1/1.1 mm lattice of
500 Å thickness for different values of the magnetic field are
shown in Fig. 2.  For all values of the applied field below 1
kOe a heterogeneous magnetic structure is clearly recog-
nizable, which seems not to be totally disordered.  Radial
domain walls corresponding to flux-closure domains are
observed.  For H = 0 a regular pattern of domain walls can
be seen, which are aligned cross-like along the [10]-
direction,.  This is clear evidence for a coupling between the
dots.  Since the 1/2 mm lattice demonstrates no order in the
orientation of the domain walls (see, e.g. Ref. 5), on  can
conclude that this coupling is only effective for small dot
(a) (b)
(c) (d)
H
Fig. 2:  MFM images of the 1/1.1 mm dot sample of  500Å
thick dots for different values of the magnetic field  applied
horizontally a) H = 0, b) H = 300 Oe, c) H = 600 Oe and d)
H = 1.5 kOe. The black/white contrast is determined by the
vertical component of stray fields.  Note the cross-like order
of domain walls along the [10] direction at H = 0.
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Fig. 1:  Magnetization curves for different field orienta-
tions of a) the wire sample with the distance between
wires of 2.2 mm and b) of the 1/1.1 mm (left) and  1/2 mm
(right) dot samples of 1000Å dot thickness.
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separations.  One also can see in Fig. 2(a) an order in the
magnetization of the walls itself.  Due to a vertical magneti-
zation of the cantilever the white and black contrast in Fig.
2 corresponds to vertically oriented stray fields or vertical
components of the magnetization in the wall.  There is a
degeneracy in the orientation of these components.  On the
other hand, it is clearly seen, that adjoing walls exhibit
mostly opposite vertical magnetizations, which agrees with
the minimum of the magneto-dipole interactio  between
these magnetization components.  With increasing applied
field the intersections of the domain walls in different dots
move either up or down, indicating clockwise or counter-
clockwise rotation of the magnetization in flux closure do-
mains in the corresponding dots.
Of particular interest are the dynamic properties of these
patterned structures. A detailed BLS study of the depend-
ence of the spin wave properties on the applied magnetic
field has been performed.  All Brillouin light scattering
spectra display clearly peaks corresponding to surface mag-
netic excitations (Damon-Eshbach-mode).9)  The wire sam-
ples exhib t a multiple splitting of this peak, whereas in the
case of the dot samples one observes no splitting.  The for-
mer case is connected with the lateral quantization of spin
waves in wires.  It will be considered in detail in the last
part of the paper.  Let us first consider the results obtained
on the dot samples.  The measured spin wave frequencies of
the different dot arrays as a function of the applied field are
shown in Fig. 3.  For each dot array the spin wave frequen-
cies decrease with decreasing field, and they disappear be-
low certain critical applied fields.  The strong reduction of
the spin wave frequencies with decreasing aspect ratio is
also seen in Fig. 3.  This is caused by size depending de-
magnetizing fields as follows: The frequency of the DE-
mode can be expressed as9
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with g the gyromagnetic ratio, Ms the saturation magnetiza-
tion, q|| the in-plane wavevector, and d the film thickness.
Hi is the internal field, which is here defined as
H H H N Mi a s= + - ×b p4 (2)
with N the demagnetizing factor of the magnetic dots, de-
creasing with their aspect ratio, and Ha the anisotropy field.
The factor b depends on the orientation of the applied field
relatively to the easy axis: b = 1, if the field is applied along
the easy axis and  b = -1, if the field is applied along the
hard axis.  The Eq. (1) presumes a saturation of the in-plane
magnetization of the sample.  The solid lines in Fig. 3 are
calculated on the basis of Eq. (1) using demagnetizing fac-
tors of spheroids with axial ratios taken from the aspect
ratios of the magnetic dots.  They are in reasonably good
agreement with the experimental data for H > N× 4pMs .
To clarify the problem of an anisotropic in-plane i terdot
coupling, we measured the spin wave frequencies of the DE-
mode as a function of the angle of the in-plane applied field,
FH, with respect to a reference [10]-direction of the lattice.
The results are displayed in Fig. 4 for the 1/1.1 mm and, for
comparison, for the 1/2 mm dot lattices of the sample of 1000
Å thickness at an applied field of 1 kOe.  Again, only for the
smallest dot separations of 0.1 mm a fourfold anisotropic
dependence n(FH) is found.  To determine quantitatively the
anisotropy constant we use the energy expression
F K= ×( ) sin cos4 2 2F F (3)
with F the angle between the direction of magnetization
with respect to the [10]-direction, and K(4) a fourfold in-
plane anisotropy constant.  A model fit using Eq. (3) and a
numerical procedure to calculate the spinwave frequencies10)
is displayed in Fig. 4 as a solid line for the 1/1.1 mm lattice.
The obtained value of the anisotropy contribution K(4) was
found to be dependent on the applied magnetic field.  For
both 1/1.1 mm samples with thicknesses of 500 Å and 1000 Å
K(4) was determined for several values of the field strength.
The obtained results are as follows: K(4) = -2·105 erg/cm3 at
low fields, and it decreases with increasing field down to K(4)
= -0.6·105 erg/cm3 at H=3-5 kOe For the sample with higher
aspect ratio, one needs a higher value of the applied field to
reach a given reduction of K(4).
On the basis of the above experimental data the origin of
this fourfold anisotropy can be understoo  as being caused
by a magneto-dipole interaction between residual unsatu-
rated parts of the dots.  Because of the large distance of 0.1
mm between the dots a direct exchange mechanism via con-
duction electrons or via electron tunneling can be excluded.
The quasi-uniform demagnetizi g field, caused by the shape
of the patterned area (1x1 mm2 square) cannot be responsi-
ble for the observed anisotropy.  In fact, the film thick-
ness/square length ratio is of the order of 104.  It corresponds
to a demagnetizing field of about 1 Oe, which is much
smaller than the observed value of the anisotropy field of 150
Oe.  Moreover, since the quasi-uniform field strength should
depend on the average magnetization of the lattice, the effect
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Fig. 3:  Measured spinwave frequencies of different dot sam-
ples of 1000 Å dot thickness as a function of the applied
field. The solid lines represent the calculated frequencies on
the basis of Eqs. (1) and (2) using aspect ratios as indicated.
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should be the same for the 1/1.1 mm and 2/2.2 mm lattices,
which is not the case.  A dipolar interaction of completely
magnetized dots also cannot account for the observed ani-
sotropy, because the corresponding dipolar energy can be
expressed as a bilinear form of the components of the mag-
netization vector.  Such an expression can only yield an
uniaxial, but not a fourfold anisotropy contribution, since in
a bilinear form the direction cosines appear quadratic in
highest order and add to a constant if a fourfold symmetry is
given.  But, if the dots are not completely saturated, the
magneto-dipole interaction energy cannot be expressed in
the above bilinear form, and the fourfold anisotropy is not
theoretically forbidden.  The large observed decrease of the
coupling anisotropy constant with increasing field corro-
borates this assumption.  However, the anisoropic coupling
is still observed for high fields where according to the mag-
netization curves the saturation should be reached.  It is not
so much surprising, because the MFM-images show that the
non-saturated parts of the dots can persist up to fairly high
fields, probably due to an intrinsic inhomogeneity, as it
might be caused, e.g.,  by surface anisotropy contributions at
the side walls of the dots.
As it was already mentioned, the peaks in the BLS spectra
of the wire samples, which correspond to surface magnetic
excitations, demonstrate multiple splitting. As an example,
the anti-Stokes side of a typical Brillouin light scattering
spectrum for a wavevector q|| = 0.3·10
5cm-1 of the sample
with 1.8 µm separation between the wires is shown in Fig.
5.  Near 7.1, 8.0, 8.8 and 9.6 GHz four distinct modes of
magnetic excitations are observed.  For understanding this
phenomenon the dispersion relation, n (q||) of the spinwave
frequencies was carefully studied.  The obtained results are
displayed in Fig. 6.  Shown are the data for the wires with a
separation of 2.2 µm (solid symbols), and 0.7 µm (open
symbols).  In the region of low wavevectors the spin wave
modes show a disintegration of the continuous dispersion of
the DE-mode into several discrete modes with frequencies of
th  lowest lying modes of 7.1, 8.0, 8.8, 9.6, and 10.2 GHz
with an experimental error of ±0.1 GHz.  There is no sig-
nificant difference between the data obtained from the wires
with 0.7 and 2.2 µm separation, indicating that the mode
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Fig. 6: Obtained spin wave dispersion curves for an array of
wires of 1.8 µm width and a separation of the wires of 2.2
µm (solid symbols) and 0.7 µm (open symbols).  The thick-
ness of the wires is 200 Å, the external field applied along
the wire axes is 0.5 kOe. For comparison the frequencies of
the five lowest quantized surface spin wave modes, n = 0-4
calculated on the basis of Eqs.(1) and (6) are also shown
(horizontal lines). Bottom right: magnetization profiles of
the e modes calculated using Eqs. (5) and (6) as described
in the text.
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Fig. 4:  Dependence of the spinwave frequencies on the
in-plane direction of the applied field for the 1/1.1 mm
(n) and, for comparison, for the 1/2 mm (o) dot samples
of 1000 Å thickness.  The solid line is a fit for the data
(see text). Magnetization curves of the 1/1.1 mm dot lat-
tice are shown as insets with the applied field as indi-
cated.  Note that a maximum values of the spin-wave
frequency corresponds to an easy axis.
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Fig. 5: Brillouin light scattering spectrum of the wire
sample with a wire width of 1.8 µm and a wire separation
of 2.2 µm, demonstrating the existence of several discrete
spin wave modes with a mode splitting of about 0.9 GHz
(indicated by arrows).  The applied field H=0.5 kOe is
along the wire axes.  The in-plane wavevector q|| = 0.3·10
5
cm-1 is perpendicular to the  wire axes.
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splitting is purely caused by the quantization of the spin
waves due to the finite wire width, and the magneto-dipole
interaction between wires is small for both separations
studied.  The main features of the dispersion law, observed
in the entire studied interval of q||  shown in Fig. 6 are as
follows: (i) For low wavevector values (@ 0– 0.9·105 cm-1)
discrete modes, showing no noticeable dependence of their
frequencies on q||  exist.  (ii) The lowest mode appears near
zero wavevector (|q||| £ 0.08×105 cm-1), whereas all higher
modes appear at higher wavevectors, and the value of the
respective lower “cut-off“ wavevector increases with the
mode number.  (iii) For large values of the wavev ctor
(q|| > 1.3×105 cm-1) the dispersion of the patterned film con-
verges to that of a continuous film.  (iv) There is a transit on
region, where due to the small mode separation, which is
close or slightly below the experimental frequency resolu-
tion in the BLS experiment (» 0.1 GHz), the modes can be
hardly resolved.
In an infinite ferromagnetic film of thickness d with the
direction of magnetization aligned perpendicular to the
spin-wave wavevector and within the film plane, the dipole-
exchange spin wave spectrum of the film consists of the
surface, dipole-dominated DE-mode (see. Eq.(1)) and the
higher frequency exchange-dominated modes with large
perpendicular wavevector components, q^, taking the quan-
tized values of kp/d with k = 1,2,3, ¼.  Although these
exchange-dominated modes are also observed in our expe-
riments, they are not further considered here since their
frequencies, which are much higher than the frequencies of
the discrete modes, depend only on the film thickness (and
not on the in-plane pattern paramete s).
To calculate the mode frequencies and profiles for the ar-
ray of wires we assume in the following a Cartesian coordi-
nate system oriented such that the normal of the patterned
area points into the x-direction, the wavevector q|| points
into the y-direction, and the wire axes, and the applied
magnetic field and the magnetization are all aligned parallel
to the z-axis.  In the case of small values of q|| it is natural to
assume that the observed discrete spin wave modes result
from the width-dependent quantization of the in-plane
wavevector qn in the DE-dispersion equation, described by
Eq. (1) with demagnetizing field Hd = 0 since the magnetic
field is applied along the wires and the aspect ratio in this
case is very high.  The quantized values of qn in a thin (d <<
w) magnetic wire of thickness d  and  width w  can be ob-
tained by imposing boundary conditions on the variable
magnetization m at the side walls of the wire (see, e.g.,
Refs. 11,12).  For the boundary conditions
¶ ¶m y y w=± =2 0, corresponding to zero surface aniso-
tropy, we obtain equidistant values q n wn = p ,  where
n = 0,1,2, ... .  Discrete spin wave mode frequencies can be
obtained by substituting these values of qn  along with the
independently measured parameters of our sample
(d = 200 Å, w = 1.8 mm, 4pMS = 10.2 kG, H = 0.5 kOe,
g/2p = 2.95 GHz/kOe) into the  dispersion equation Eq. (1) :
n0 = 6.82,  n1 = 7.86,   n2 = 8.72,   n3 = 9.45,  and  n4 =
10.08 GHz.  It is evident from the comparison with the
experimentally measured values, that for  n > 0  the calcu-
lated mode frequencies are in  good quantitative agreement
with our experimental results.  We also note, that the fre-
quency separation Dn  =  nn+1  – nn of the discrete modes, as
 in our experiment, decreases with increasing
wavenumber,  qn, in agreement with our calculations.  This
is due to the fact that the group velocity V qg = ¶w ¶  of the
dipolar surface spin wave (cf. Eq. (1)) decreases with in-
creasing wavevector.  Thus the frequency splitting of neigh-
boring, width-dependent discrete spin wave modes, which
are equally separated in the q-space (q n wn = p ), becomes
smaller with increasing wavevector qn, until the mode sepa-
ration is smaller than the frequency resolution in the BLS
experiment and/or the natural line width and the splitting is
not anymore observable.  In this regime the observed spin
wave spectrum is well described by the dispersion equation
for a film of infinite width and continuous values of q||.  The
calculated dispersion curve based on Eq. (1) deviates at the
upper end of the measured wavevector region by -0.4 GHz
from the experimental values.  This problem is easily solved
by taking the bulk exchange interaction of permall y into
account (exchange constant A = 1×10-6 erg/cm), using, in-
stead of Eq.(1), a full model  for the calculation of the di-
pole-exchange dispersion equation of the surface spin wave
mode.10  Exchange interaction, which is only important at
high values of the wavevector, does not significantly affect
the frequency positions of the five lowest discrete modes of
wires, but it shifts the tail of the calculated dispersion curve
to match the exp rimental values at large qn.
However,  the calculated frequency of  the lowest discrete
mode of n0  = 6.82 GHz is about 0.3 GHz lower than the
experimental value of 7.1 GHz.  This difference is three
times larger than the experimental frequency resolution of
0.1 GHz.  To understand the frequency position of the lowest
(n = 0) mode we assume that a weak, but finite, surface ani-
sotropy in permalloy creates a weak pinning of the variable
magnetization, m, at the side walls of the wire.  In analogy to
the Rado-Weertman boundary condition at the surfaces of a
free film11 the boundary conditions at the side walls can be
written as:
± + ==±
¶
¶
m
y
Dm y w| /2 0, (4)
where  D = Ks /A  is the  “pinning” parameter, defined as a
ratio of surface anisotropy constant, Ks,  to the exchange
constant, A.
The magnetization distributions for the discrete width
modes, corresponding to the boundary condition Eq. (4), are
described by the equation (see, e.g., Ref. 12,13):
( ) ( )[ ]m y a q y w q y w D q
w y w
n n n n n( ) cos ( / ) sin ( / ) / ,
/ / . ( )
= + + +
- < <
2 2
2 2 5
Substituting Eq. (5) into Eq. (4), we obtain a transcenden-
tal equation determining the discrete values of the lateral
wavevector qn :
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The roots qn of Eq. (6), substituted in Eq. (1), determine
the frequencies of the modes.  Using D as an adjustable
parameter we obtain the frequency of the lowest mode as n0
= 7.1 GHz for D = 3×103 cm-1 (Ks = 3×10-3 erg/cm).  The
corresponding mode wavevector is q0 = 0.5×104 cm-1.  The
calculated values of the mode frequencies, if both weak
pinning and exchange are taken into account, are n0 = 7.10,
n1 = 7.87, n2 = 8.74, n3 = 9.49, and 4 = 10.15 GHz.  They
are shown in Fig. 6 as solid lines. It is clear from Fig. 6 that
there is an excellent agreement between these values and
the experiment.  The magnetization profiles (see Eq. (5))
along the wire width of these modes are also depicted in
Fig. 6 (right).  Note here, that the value of D, needed to shift
the frequency of the lowest mode to match the experiment,
is so small, that it practically does not affect the frequency
positions and magnetization distributions of the higher (n >
0) discrete modes, since D/qn << 1 for n > 0 and therefore
the corrected values of qn are very close to q n wn = p / .
Above interpretation of the observed discrete modes is
further supported by the data of the wavev ctor intervals in
which the modes can be observed.  Due to the momentum
conservation law an infinite traveling plane wave contrib-
utes to the inelastic light scattering process at a definite
value of q|| , or, in our geometry, at a definite angle of light
incidence, q.  On the other hand, the spin wave modes un-
der investigation are restricted in space, since they only
exist in the wire of width w and their amplitude is zero
outside the wire.  The light scattering process for such
modes takes place within a certain interval of q, and the
scattering intensity is determined by the respective Fourier
component m(q||) of the mode: I µ |m(q||)|2.  These calculated
Fourier component profiles should clearly define the inter-
vals of q||, in which the corresponding spin wave modes
should be detectable.
The calculated intensity profiles |mn(q||)|
2 for the discrete
modes (see Eq. (5)) show maxima near qn and their widths
along the q||-axis are about ± p/w (± 2×104  cm-1).  There is a
good agreement between the results of this calculation and
the experimentally measured wavevector intervals, where
the corresponding discrete modes are observed, if especially
one takes into account the experimental uncertainty of q||,
caused by a finite, albeit small, collection aperture.
In summary, we have investigated static and dynamic
magnetic properties of arrays, consisting of permalloy dots
and wires by means of Kerr magnetometry, magnetic force
microscopy and Brillouin light scattering.  We have re-
vealed clear evidence for a fourfold in-plane anisotropic
coupling of magnetic micron dots, mediated by stray fields
of non-saturated parts of the dots.  The frequencies of the
spin waves observed in dots and wires can be well described
by a modified Damon-Eshbach equation.  We have found a
spin wave mode quantization effect in a periodic array of
magnetic wires.  The observed discrete modes can be inter-
preted as resulting from the width-dependent quantization
of the dipole-dominated surface spin wave mode (quasi-DE-
mode) of an infinite film.  Both the frequency positions and
the wavevector intervals, where the discrete modes are ob-
served, support our interpretation.  No indication for a zone
folding effect due to the periodic arrangement of the wires
was found.
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